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BACKGROUND OF THE | NVENTI ON Rel at ed Application Thi s
application clains priority from Provisional Application 60/084,750 filed
on May 8, 1998. Field of the Invention 5 Thi s

i nvention relates to a nmethod and appar atus for sealing between a tubul ar
menber and a wel | head struct r%%&ch t he tubul ar nenber is
suspended, and nore particularly t LIC ppar atus and.net hod for

seal i ng between the upper end of a well casing stub having a
general Iy rough unfinished outer surface and a tubing head or a Christmas

Tree adapter, for exanple. 10 Backeround of the Invention
Casing strings are nornmally suspended froma well head assenbly. The
wel | head assenbly includes a casing head, which with a casing hanger,

supports @, casing string extends, in e |l cas| string
may exten(f rdI y frorﬁ‘w’tﬁ&% }hbﬂ% tﬁéﬂ 8 r%g%WEEN
hei ght for installation CAMNGANIYWELLHEASLCONNECTOR§TRUCTIRE

connection to the casing head. 15 The upper extension of the casing is
called a "casing stub”. Normal installation includes

-1 BACKGROUND OF THE INVENTION

Related Application
This application claims priority from Provisional Application 60/084,750 filed on May 8,

1998,
Field of the Invention

5 This invention relates to a method and apparatus for sealing between a tubular member
and a wellhead structure from which the tubular member is suspended, and more particularly to
an apparatus and method for sealing between the upper end of a well casing stub having a
generally rough unfinished outer surface and a tubing head or a Christmas Tree adapter, for
example.

10 Background of the Invention
Casing strings are normally suspended from a wellhead assembly, The wellhead assembly

includes a casing head, which with a casing hanger, supports a casing string which extends into
the well. A casing string may extend upwardly from the casing head higher than a preferred
height for installation of a tubing head about the casing and with connection to the casing head.

15 The upper extension of the casing is called a “casing stub”., Normal installation includes
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5 providing a netal -to-netal seal between the exterior casing stub wall
and an interior surface of the tubing head. Nornmal installation is
acconpl i Sh?o%fsﬁlé‘ finished exterior of the casing stub pcrus®acinat
sealing with a netal-to-netal seal is effective. A seal is necessary
between the OD of the casing stub and the ID of the tubing head to
prevent ppeyidinga myig-tocmetaloralbetween therexterionrasiyg stub wall ang an ihgerion gurface ofigs

i nside the casing to the annul us outside of the casing. The tubing head

whi ch  10the thbing heado INormhlanstzifationis ateompiished ovitha finishedeoetion of tie casiy stgb Whi ch
extends into the casing to a hydr ocar bon pay zone in the well.

Duri ng cospiiat seafngOpiel Rink@iD-hétal¥Bal iPETee®Rl A20hs Aced3sfy BSHREY the ORESF K& | OUS
condi tions, such as when a casing string is stuck downhole, to cut

by | . . . . : .

\%hi c(r)\r p; gjg%?%s@?br om tﬁ(]a:b %?ﬁﬂgh'gﬂéﬁéﬁ% e%?%sélkgehgg’fo%@\g@%vg%ggélrtg{:gt I on

whi ch pr opBEPEEBEYE Tite 5 &isig v snulyE duids bl Recize’ Annomedwd VEab: or
R

surface may be rough in texture with a Root Mean Square - ( RVB)

r oughh@s s fitsf abgubthe casingimb sppports ke produgticadubing yhish extsnds igte the casig VS,

Rel atively hard nmetal seals are used for sealing between the

fini shed hydroedriadn paglzgnesimilot wellDD of t he proj ecting upper end section
of a casing and the adjacent ID sealing surface of a tubing head. A 20

hard netal seabufifycoifplettdf operageisatihsy belicsifabld d?Se@biait urlded Vafibed Wfdifbns,

relatively rough textured casing due to serrations on the casing

caused by thes g}gg{}ipcgﬁg L:triﬁ?ﬁtsgmk dovmhole, to eut off o ﬁ%% o l*dpgﬂ%m E&goﬂ"g Ir ch

r
has not been cut has a“seafing surtac has been Trni's

machi ned wi.th a. . royghness | gss than abqut. ,32..Therefgre in the past
When ot 0Bt A gRine Hire MECRER s 37 HhelbBucERd OF 1 e bEac Bleaan vapee sy
stub, it has been _commn to _machine or_otherwise 25 finish the outer
surf ad® offthgeasingds ¢ity of; & projesting partienofihascasing remains which arpiestsabanedhe sing

met al -t o- . metal seal to be installed between the casing stub and the
t ubi ng hahepsk It psenot fisishesk | s qutensugface may be ravighin testuge with d Root Meas Square s
used. - 2-

(RMS) roughness of about 64 RMS, but the roughness may be as high as 250 RMS. Relatively

hard metal seals are used for sealing between the finished or relatively smooth OD of the

projecting upper end section of a casing and the adjacent ID sealing surface of a tubing head. A

20  hard metal seal may not be acceptable in sealing about unfinished or relatively rough textured
casing due to serrations on the casing caused by the sharp seal teeth.

Regular length casing which has not been cut has a sealing surface which has been finished

or machined with a RMS roughness less than about 32. Therefore in the past when a top end of

a casing has been cut off to produce a casing stub, it has been common to machine or otherwise

25 finish the outer surface of the casing stub to provide a smooth, finished surface for a metal-to-

metal seal to be installed between the casing stub and the tubing hanger, particularly when a

relatively hard metal seal is used.



5 Installation of a nmetal seal is furthernore desired to be
acconpl ished without regard to the particul ar arrangenent ofthe
instal |l ed ceg gvgssdad, because different casing head arrangeR€IMS99/10117.
are provided by dfferent nmanufacturers.. Identification:Of (Cbjects O -
The I nvention A It is a primary object of the invention to
provi dé an appdpgtliasionfa metal senl fs@nﬁmorel sirgdrto g lareomplishedfwithopttegardite | y
soft netal seal which is effective to provide a netal -to-netal seal _
bet ween t hie patiatlanacskygeneoidf tinihstalled visirghead) because aliffersyt sdsind headdirangerriafits
head wi t hout requiring any special finishing or machining of the

exterior Ojre bRRided by deidréit nahhfetuiere Metal -to-netal sealing bet ween
the OD of the casing stub and an interior surface of the tubing head.

A further I ' ' ' 0 _provi de an apparatus and net hod by
whi ch a ﬁﬁ f,, P-b (oL IR IA‘?e“m“vi ded between the casing stub and

0 e e e oBR sfothg SHVURRGS 55 provide an Syt Ao MehF 5535 "0
SUMVARY OF THE | NVENTI ON The present invention is directed

part i d@l arinstaliagion of apislatisgly soft meptahesealovhicivis efigetiverty prode a eataidemetal seal
exterior of a casing stub which extends upwardly froma casing head. The
casi ng betweent thdrdiatively rowgheouér syrfaceufla casifig stuls frelcs wbing healuwitlonereqiinag
netal -to-netal seal arrangenent of this i nvention seals between the

rough out gy %?éciafﬁﬁﬁsmg StiBachifrig T tifel eteriBF 6K tRé\caditly fst RFFEctiVR ReGREb-mBtBiSealing
surface of a tubing head which’is secured to the casing head. The nethod

and appar %e#geéérnr}ﬁé Bﬁof‘ the casbngtaSHgol ds .a%%&%ﬁ%%'%f%iog&e[ﬁ;gﬁké'g&ﬁ aslipring, a

cam bow n¥ or “engagr n i'prrng, a ushi ng whi ch
initially | ocat the slip.ring vertically. on the casi t su rts
the siip ring Aduiner gfieeBfnedSienfnis Camyies Bympseivg andmediof BerBgns PRy o
hydraul i ¢ swagi ng tool against the cam menber while urging the slip
ring ildt o termtel sgdliprovigedbriwers the casine siibandths tibing head where therseal jgsupported 5

casing. The bushing could serve as a secondary seal or test seal if
desi red. solely from the casing stub, and not from the casing head.

SUMMARY OF THE INVENTION

The present invention is directed particularly to an apparatus and method for sealing

20 between the exterior of a casing stub which extends upwardly from a casing head. The casing
stub has a generally rough unfinished outer surface. The metal-to-metal seal arrangement of this
invention seals between the rough outer surface of the casing stub and an adjacent opposed inner
surface of a tubing head which is secured to the casing head. The method and apparatus include

a slip assembly which includes a slip ring, a cam bowl member for engaging the slip ring, and a

25  bushing which initially locates the slip ring vertically on the casing stub and supports the slip ring
and the cam ring while opposing the force exerted by a hydraulic swaging tool against the cam

member while urging the slip ring into tight gripping engagement with the outer surface of the



The wel | head assenbly has an upper housi ng or casing head which receives

t he casing coaxi ally by means of a casing hanger and defi nes an
annul us thgﬁggﬁk en. The special slip swagi hg tool pErae®hbigned
over the upper end ofthe casing stub for engaging the camring bow

of the slip assenbly to force the slip ring to grip the casing with support

from bel oveabiyigt The bubhing coul perve aywsebvisdaiysgal of hanseal if@esirbd P swagi ng tool is

renmoved with the result that the slip ring, the camring bow and
the reaction SURRGHAIhEAISAsEMDIY Ri¥h ppdt Haaﬁh;% bp&sagwd Whieh ?&gi'v&&hewﬁn;' I p
ring is in p05|t|on to act as the so | ower support or supporting

and positi ?Sﬁé

Next, the tubl g)ﬂeagﬁl S p acbgﬁg\e/}e%ﬁt gn%sa%%?ﬁlg?g’ FI 0 rl?IngﬁapeS'sﬁl%g in
order to nove, ﬁ hi ng downwa dHA on, the caS| ng b and, b Iow t he
ol i b i ng TraEiedadis Rebfiopedayar e RBPEIcn) of th Gasing Stb TOcnatuing g SAR TPE RGTL o
supported entirely fromthe casing stub itself and _not the casing head. The
tubi ng hea®f the slimasserpllyrin fagoe the slip ring to grip theesesing avithetuppary §lom beldw byrdbel
seal is positioned over the upper end of the casing stub and S
moved Hownseppatting bushing. Therqthetsip swagingaoolris regnovedwitinthe resalt ithat e, slipringitheng
head or simlar device, 20 such as a spool or adapter for a Christnas

tree, is P iigbdedaithe reaftionsRit bRSKngembifen Scdftion Gbdiit tHR casing. TheSlighng hat
it lands on the exterior proflle of the seal. A measurenent is made of the

di st ance B d"fc@ thP ol m?ft op
surface ofls% e SI(:la5|E ng ead. ?’ﬁ)}a’}e {IHSPH& Eﬁ%ﬁpﬁh“%&ﬁ%b@dﬁgﬁgﬁéﬂe an J&ﬁeé seal
S rem)ved A shgm is provided over t he top end of the camring to
insure tha® W& the seal is rej nstal | ed and the tubing head is
reinstall ed, the distance between the upward hub face of the casing
head and the boV®biheEBinghead lépla@q#@vwbie pan Az @lin Hngand bushing ipcedestemayhied
di st ance. -4 -
5 15  the Pushing dgwneardlyon thet @singsiuteaddelow thoskp ring hith e redultttimt theuship riog head
and an upper flange ofthe
and cam bowl ring are supported entirely from the casing stub itself and not the casing head. The
tubing head is then removed.
Next, a relatively soft metal seal is positioned over the upper end of the casing stub and
is moved downwardly until it abuts the cam ring. In this position, a tubing head or similar device,
20  suchasa spool or adapter for a Christmas tree, is positioned over the upper end of the casing stub
such that it lands on the exterior profile of the seal. A measurement is made of the distance
between the bottom surface of the tubing head and the top surface of the casing head. The tubing
head is removed, and the seal is removed. A shim is provided over the top end of the cam ring
to insure that when the seal is reinstalled and the tubing head is reinstalled, the distance between
25  the upward hub face of the casing head and the bottom hub face of the tubing head is a

predetermined distance.



casi ng head together, thereby causing the flange faces of the tubing head
and the -casing head to abut each other. During the connecting or
squeezi ng opOnwsssen, the tubing head noves down by t heCUSYer0er7m ned
di stance referred to above while a camm ng surface of the tubing head '
drives the soft netal-to-netal seal radially inwardly into the

casi ngd st ub. ThBalle3 Fonnectar sgyeszeLRiiomepHangg ofithe tubing head aud ntppsr fasge pfibe

casi ng stub, because the slip ring, camring and shi m cannot nove axally
due casing hend:togather, thesebychusing the flangedaces gfitheyuling head ahd the)cesing ieaddé t he
casi ng stub. Thus, it is a feature of the present invention
to provi dentreachphsraDusingthe coRiditing drasqueezing opesation, ahé fubipg hesirhbves dbwh by eal
for sealing between the generally unfinished outer surface of a casing

st ub whi ClneSarbdafidiinddd GREaft refenRE S alie ivitile A RaMnAM s uplCHRAS Rink MBS drives f ace

of a tubing head 15 which is secured to the casing head and w t hout any

speci al chi Ri fi ni_shi of .exter | of .1 he casgi L ub
ot e OO Rl el S g iy e i oA 0 B”
It is _a further featyre of the inventign that an appar.atus and nethod, are
provi d&d HVement along the cag b berauseape amg,&ammaaﬁg’awgcmmgm dhug o
the rough casing before the relatively soft netal seal is positioned
over the tamthedart thahthealip ting tightly grips Shcpxtarior of thepesingstube netal seal at a
precise 20 position on the casing w thout any support fromthe casing
head. Thus, it is Alféﬁtﬁlerofftﬁ?@ﬁtt&&t Gdvehtiéh to)gRNidein dpphrahSant Onethsdfdgi Ng
tool which is used to position the bushing and the slips at a

preci se | AN bRkl el 1 AR ARR BherallPufnhBdollERLrtabsEDihsing

provi di ng accurate positioning o e slip assenbly to insure later

aihi i ng SRRl ARa b pRaTRR, o cosing vead Bl el EOT Db Bl henl,
head apd t ' head. . . Qt her. .obj ect s, t, d,
dvani Sge HAh 1t REPA TURE Feinatend mdegt o sody) PHeBAE op BAAIRE of the Ser once

Q)

to the foll ow ng specificatiaon and draw ngs. )
-5- of the casing stub required prior to mstal]atxg:quﬁ:e metaorliyspiionetalseslHE DRAW NGS
The obj ects, advantages and features of the invention will becone nore

appar ent by 1t is a further feature of the invention that an apparatus and method are provided which
includes a seal, and a slip arrangement secured to the rough casing before the relatively soft metal
seal is positioned over the casing, where the s]ip'arrangement supports the metal seal at a precise

20 position on the casing without any support from the casing head.

Another feature of the invention relates to a swaging tool which is used to position the
bushing and the slips at a precise location relative to the hub face of the casing head thereby
providing accurate positioning of the slip assembly to insure later adequate energizing of the metal
seal on the casing stub after a shimming procedure and after makeup of a connector between the

25  tubing head and the casing head.
Other objects, features, and advantages of the invention will become more apparent upon

reference to the following specification and drawings.



reference to the drawi ngs which are appended hereto and wherein an
Il lustrative enbodi nent of the invention is shown, of which: '
Figure 1 i rged | ongitudi nal sectional view of a casj i ch
proj ects Swg%éég\kgr dly fromthe upper surface of a casing hfégﬁ'"%%“%

wel | hedd assenbly in whi BRI ON OF ' GSVth a casing
hanger and defi nes an annul us bet ween t he casi ng and the casi ng head;

Figure 2 is a <Skhetobjees| advamages and foavags v theoimbverftion will beedthe h@raaﬂi}usdﬁmbg and
a slip ring about t he casing stub; Figure 3 is a

sectional NfspicOfo the 8MBAHgR WhichQke 1 g%*;ﬂeﬂ AR ardPKErG4 an IGSRItE mBYdiARALE Of

cap 15 screws and vmthout out er ter S-seals installed, where the

tool isr Qver t he casing stub;

Figure 4 f‘teéwérg B?s()é%ﬁﬁx& the swaging tool of Figure 2 installed over
the casing stul . and Ianded on . the hub face qof the casing, head, with
the bushing snUiEEe 18 s elasgedslopgipydinal sectiopd view of'a easgrijul projgets
Figure 5 is a sectional view of the casing stub after a S|Ip rlng and cam
ring biéw upewaedly from the bppen sunfacealf la @dsing headtdfe walbeadpassemitly imwhicip dasingis t he

seal bushi ng; Figure 6 illustrates an energi zer ring that has
been i nst ghétgliedwitva dabing hmgbﬂﬂldsdeﬁbem&nhﬂndwween the casifig dniehecusing hegil; bowl
ready for energizing by neans of the swagi ng tool; Figure 7
illustrates th gwegasrwsea%mm 6Ff DWrdging thS1FoAhs Blshihg EnE 2 RipTHhgTboR.
slip ring, 2563:l camring bow ,w 29 %m% Fé,;%r'\g rtiﬁ%go%/ors e%ergl zatlon of the
slip rlng Fi gure 8 Illustrates hydraulic force being
appl i ed toh?ﬁas‘“grfé“rbgl zer ring for squeezing the slipring radially
|nwardly|ntot of t he casi st up, i lLe the bushing.is, bein eld in
pl ace : B i BTN G SRR PSP S DR PR bY e of cap

6 Figure 9 |IIustrates that the swaglngtool has

been rlérmv%&%r?&dmwtt%’éﬂfﬁmﬂé'm@ nsgallad, where thegral is igediiadiedmsialisg oger
shoul der of the tubing head which has been | anded over the casing stub;

Fi gure 10 thelkasmtgrstbes t hat the tubi ng head has been renoved and that the
area above the
Figure 4 is a sectional view of the swaging tool of Figure 2 installed over the casing stub
and landed on the hub face of the casing head with the bushing snubbed about the exterior of the
casing stub;
20 Figure § is a sectional view of the casing stub after a slip ring and cam ring bowl have
been installed over the casing stub and landed on the seal bushing;
Figure 6 illustrates an energizer ring that has been installed over the casing stub and landed
on the cam ring bowl ready for energizing by means of the swaging tool;
Figure 7 illustrates the swaging tool of Figure 2 installed over the casing stub, slip ring,
25  cam ring bowl, and energizing ring for energization of the slip ring;
Figure 8 illustrates hydraulic force being applied to the energizer ring for squeezing the

slip ring radially inwardly into the OD of the casing stub, while the bushing is being held in place

by cap screws through a wall of the swaging tool;

-6 -



camslip bow is cleaned w thout grinding; Figure 1
illustrates that a relatively soft netal seal is installed over the casing
stub and 1Qodemel@d on the camslip and camring bow; PCT/US99/10117

gingulrSmé’@edsg(rjlwtshﬁaﬂ-E QHﬁlﬁxrﬁt%ék%%‘%ifg;tg@%g? E%eﬁrédr?r&eg?ﬁ&steamen pr epar a%&on
L ubi g noachae G BEE) F PGS heoiing B Htonsagesn iled 85 ¥ bl

13 shows that the tub| ng, head has been renpved and t hat g shi.m has been
St5RiES AL e YR Road p thsp

placed 15  betTigas 10 ashesp remoyved sa therargapbove the
slip bow, and with a gasket installed In an API grooveinthetop
face of thecamsliptpwhiscleagedwuhont pundingil so been installed on the bushing

O D Figure 14 shows the tubing head installed over the
casing stub and Figade 135hRriteythactrdlatively soft metal 8sabishstallell beersthé tasiplstilb dndal ;
20 Figure 15 illustrates a connector clanp installed over flanges
of the f@Slﬁnghg%g@ d cam ring bR1:Ng head ready to make up the netal
seal ; and I gure 16 i I l'Ustrates the connection made up evenly

wth the metal SERloHSUUSRINE ARk fdd is insaudd w;er dadifif el BloIthddg B £

the netal seal eI y

DESCRIPTIC]\ICFTHEINVNTI F|gure i1l ust tes i n
string 10 (PEericnsarnest hamet) s aafm@ar@msfor mEasypngthe send o etwegmﬂ*agw He® in
a casing head 12 by neans of a casi n% hanger 14. A stub or exterior of the
casi ng hub face of the tubing head and the top hub face of the casing head, - 7-

5 string 10 extends above the casing head 12. It is referred to herein

sonmetimes as a CEigured 33hewls that the tubihigthelibhdbeen fdmovéd dtieth@tasshitg hastbebn placsd
the top of the casing hub to the hub face 16 is preferably 11. 0"  +/ -

.. in a psef gikReh RIBAHNBIMe fbral sBE afPHB D e EpHIWR sk Witk Ga8RRknsth 2
B in an API groove in the top face of the casing hub; S-seals have also been installed on the bushing
O.D.
Figure 14 shows the tubing head installed over the casing stub and seal assembly ready to
energize the soft metal seal;
20 Figure 15 illustrates a connector clamp installed over flanges of the casing head and the
tubing head ready to make up the metal seal; and
Figure 16 illustrates the connection made up evenly with the metal seal between the casing

stub and the tubing head with the metal seal supported solely by the casing stub.

DESCRIPTION OF INVENTION
25 Figure 1 illustrates a casing string 10 (for example having an O.D. of 9-_") which is

supported in a casing head 12 by means of a casing hanger 14. A stub or exterior of the casing



casing. A preferred FX RCM5 seal is of stainless steel

AI SI 316 and is
characterized by a UNS Nanme of 531600, a Rockvvell B of 83HRB Max
mn. The 10 "

and a yield strength of 30,000 psi m t he
top of the ‘HQB%@?% 16 and is marked on the casing so that W@F%&P

stub 115 i sstrifig 1hextpndspbovethe gisingdiead £2.hiths feferred i®herdingomatithe3gs atcadinglstub.
shoul d be prepared with a bevel and wire brushed on its QOD,

pref er abl yThé kdight “Pnebthaichsingnitefréih i top bhthe Chiing Hb/t6 tHRBub face 16 &l ppafarablyt O

base netal as nuch as possible, but a grinder should not be used on the

o e anes LT v matgre h@&@mﬂ&éxm&&%f?ﬁgh%dsfoﬁg mﬁ‘é agr)%ggﬁjsr% as out*l i ned

tol erance range of stu IS determ ne

el oyed { BOR8L étvﬁAﬁgeg Fxf&tsf?ﬁﬁ i ?@fft”se@@a‘i@?ﬁt@ﬁmga%‘@t SR80

the OD of the stub 1. CSG TAL. CORRESPONDI NG

SLI PS, BoO/WNamgpf mm@ a Rockwell “B” o% 83HRB Max and a yteld strength of 30,0400 pacmig. dbe
CSG LOW GACGE GAGE GAGE SLI PS BOWL SH M SEAL

SI ZE 10 T3 is measured from the top gf2he hub face$ and is marked on the casiigi-a\that the casing
9.721/ NO NO NO NO H GH #1 H GH HGH
9. 685 §60b 11 is of th&Proper hengmbove hub fack 16. Thel€dsing stub 11 should be prepired with TOL
(1) 9. 684/ NO NO NO HI GH #2

‘II_'"C]_G_I HI %Evel and wnr@brﬁﬁ%d on its @ﬁt preferably MG% a pneurga&mre brus@.ONTge 6))) QBQE‘&RF
ié_ Loc‘:%aned to bafa_netal as nﬁﬁ% as posstble(, Eslt a grinder shgulg ﬁt/be useddﬂ the casing Stub 11

€O €O é_ th #4 LOW LOW 9.577

TOL. to clean offthecale. 1o 20  NOTE 1:- | F GAGE GOES OVER THE
CASI NG ASSUME THE CASING IS I N THE NEXT LONER TOLERANCE RANGE.

-8- 15 5 Nextie @Dzplerance range of sh\y1Tigdeteriifed by Dsiog 8 procedurg ggoutlined

in Table 1 below. A .15” shim is first used, then gages 1, 2, and 3 are employed to determine
bowl, shim and seal particulars consistent with the OD of the stub 11.

TABLE 1. CSG. TOL. RANGE W/CORRESPONDING SLIPS, BOWL, SHIM AND

IF GAGE GOES OVER THE CASING, ASSUME THE CASING IS IN THE NEXT LOWER

TOLERANCE RANGE.

FX RCMS SEAL
CSG LOW | GAGE | GAGE | GAGE | SLIPS { BOWL | SHIM | SEAL
SIZE TOL. #1 #2 #3
SHIM
9.721/ NO NO NO NO HIGH #1 HIGH | HIGH
9.685 GO GO GO GO TOL. TOL. TOL.
)
9.684/ NO GO NO NoO HIGH #2 HIGH | HIGH
9.649 GO GO Go TOL. TOL. TOL.
&)

9.648/ GO GO GO NO LOW #3 Low LOW
9.613 GO TOL. TOL. TOL.
Q)

9.612/ GO GO GO GO LOW #4 LOowW LOW
9.577 TOL. TOL. TOL.

NOTE 1:-




GACE #1 I D 9.686 "/9.687 " GACE #2 I D 9.650 "/9.651 " GAGE #3
ID 9.614 "/9.615 " 10 Next, as illustrated in Figure 3,

swagi ng t ooob8sssszprovi ded. FS seals 20 are assenbl ed _ PCTM$92ilqié7ducer

bushing 22 which is secured via the bottomend of swaging tool 18 by neans

of 5 fgg@g@g.uch as cap screws 24. A generous |ayer of copper coat

grease is dpplrred over the screw threads, the tip of the screws and

t he | ockin le¥r » lggheen cap screws are provided whi ch
are nade USLQW L%ﬁaiﬁllﬂssg%r ewsgare consi dered made up when the bottom

of the cap 4 is about one inch fromthe OD of 18.

S-seal s on Q@Eéfﬁ Sﬁﬁgtﬂﬁ%?%z are not installed at this tine in -
the slots 21 provided for sane. Figures 2 and 3 illustrate
the swagi ngCASH #2032 81859 M9163d€s a | ower tool housing 19 having a
visual port 26 provided therein. An upper tool housing 28 is threadably
secured to GARE#x1»B.614 "/9.615fousi ng 194 Three one hundred sixty degree pad
eyes 32 are provided for lifting the swaging tool 20 18 onto and from

casing g ub 11. Ne:alatlmmf&@dkmgrrewaﬂ@ahgmgttdmmstsfb%mwstsw& 26‘9&'5&3&%13@

and a seallng pol ypak 36 provides a seal for piston 36 to be

reci procat t

instal |l ati o% ?%éﬁ@ée?ﬁﬁ.dﬁdg%w E}(‘ﬁl sﬁﬂe%%rg\%éxlantge 4‘#&@ ?#s&pyﬂgé{;ﬁ laqﬂ %1“501‘
possible in the u r tool i n pi lug 34 is |nst lled in
pressure pofaft g'gﬁﬁ%ﬁaﬁtsgiews 2'A “‘?‘H’é '%F’s&&ﬂg@b%ahgrﬁfs&%pp‘ mpver the screw
As |IIustrated in Figure 4, the swaging tool 18 is placed over the top and
around casi thgeads, the tip efthescraws mdithg lorkingalades. drefesnldnsixipen sapescrewsapppiosided o
the FS-seals 20 and to the OD of the casing stub 11. As the tool 18
and seal bushichgred@adarup handtight! Gtle sdvewd are asiisitgred tmalde &g whedthe botwdm bSthesap
-9- 5 placed with its bottomface 25 in face-to-face contact with

hub facgs 16scrévs lied@ 2444 ot Gt ihdhFrdm@eHe OD of 18. §-8ealsSonthié OB &Husi m&ett@t
bring the tool 18 and bushing 22 to the position illustrated in Figure 4,

adrill colingland an il e WPind Yot AVprBRaafR) bk, L0 the top of tool 18 to

overcone friction betwe

Figures 2 and 3 illustrate the swaging tool which includes a lower tool housing 19 having
a visual port 26 provided therein. An upper too! housing 28 is threadably secured to lower tool
housing 19. Three one hundred sixty degree pad eyes 32 are provided for lifting the swaging tool
20 18 onto and from casing stub 11. A piston 30 is provided within the upper tool housing 28, and
a sealing polypak 36 provides a seal for piston 36 to be reciprocated by pressurized hydraulic
fluid. In the method of installation, the piston 30 of the swaging tool 18 is placed as high as
possible in the upper tool housing 28. A pipe plug 34 is installed in pressure port 35 to maintain

the piston 30 in place.
25 As illustrated in Figure 4, the swaging tool 18 is placed over the top and around casing
stub 11. A thick layer of clean grease is applied to the FS-seals 20 and to the OD of the casing

stub 11. As the tool 18 and seal bushing 22 are installed about casing stub 11, the tool 18 is
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the seals 20 and the outer surface of casing stub 11 in order that the tool
face 25 is placed face-to- face on the hub face 16. 10
Next, the byshbdssd? i s unlocked fromthe tool 18 by fully unsgusshadsrt he

si xteen one-inch, ., ocket head cap screws .24.. The tool “18 Ts 't heén
renoved b;P?“}"F‘fl Pith s P?“?W%ﬁ?%ﬁ@$%°ﬁ?“€8§t?ﬁd"w§‘t'\% face 16. If they weightof thedpelng i s
not disturbed fromits position of Figure 4. Friction between the PS seals
20 Y8 noygseas as«msg ta;bring the took Hand bushing 2P theposision HlustratedvinFiguppd,i n

pl ace. Based on the neasurenents descri bed above by

r ef er ence 4 driilfeulibreoriother neighp pray pe applied 4o thd fop of itand d8 0 oyEsconiEdinictionrHétiRishS

seal elenent and shins are sel ected. . As illustrated in

Figure 5, the SQRBYOAAEthe ShiePsufablof48ingSnibNg timbidercthitithestooldRRDS if plecePRcedo-t he
casing stub 11, and then the cambow 42 is placed about an outer canmm ng

surface of LPhE b 16 40. Next, as shown in Figure 6,
an energi zfﬁ%g&r)tlhng 4 ce|:s ‘pl aced over the top end of casing stub 20 11

and | owered until it ,cont S sli ow.  42. The w 42.is leveled t.o,a .
nor i 20 al pos e fajfeng 24 ulpeia RRune o Al osci g he SXE RS o
spaced ninety degrees apart. The gap between the = bott om of , bowl 42
and the t giockst headecap serpvhgd. 2Phe teol8ds temrempvedsby lifting i Gomithe top-of gastng stibg
As shown in Figure 7, the hydraulic swaging tool 18 is installed over the
t op of t hell, ZFhe bushingis netdiistarbedfijors its position of Figued 4. (Frictiogbet@eert the FS kaajs 200w
42, and the energizing ring 44. One of t he socket head cap screws 24

on the swagdiBe ésak sthB 11 et thalntaidsARYBiRhiRg QP &Y pladel gnENt Wi th
t he bushing 22 as the swaging tool 18 is being installed. After alignment,

al | sixteen of thge PRLme measdxrﬁgér{gg&gagghgho&%wﬁ@%@% Fablef, Bnd ApRiphigdiy2nd

tightened into a correspondi e bus

- 10- . 5. Th 8 24 e de up hand tight. They are consi dered
made ulps mdtshgs, B%‘?‘r g%@ﬁ§ﬁga]§%ﬂ‘eﬁaa"gsmg‘§&$ ef‘ltg‘gd i s approxi mately
one-inch fromthe QD of, .the swagi ng tool 18. Previouysly, a gener ous
layer of copperAvilustraidda Eigursay aisegmmenisdistip pg 49 irinserled St abpu - QR e
tip of the screws 24 and the sixteen holes in the bushing 22 prior
to the i nseasingatubda, a thenthe oam bowyl 4258 placed about an outer camming surface of slip ring

40.
Next, as shown in Figure 6, an energizing ring 44 is placed over the top end of casing stub
20 11 and lowered until it contacts slip bowl 42. The bowl 42 is leveled to a horizontal position by
placing a level on the ring 44 at two places spaced ninety degrees apart. The gap between the

bottom of bowl 42 and the top of the bushing 22 is preferably between about .5 and .618 ™.

As shown in Figure 7, the hydraulic swaging tool 18 is installed over the top of the

25  combined casing stub 11, the slip ring 40, the slip bowl 42, and the energizing ring 44. One of
the socket head cap screws 24 on the swaging tool 18 is removed to insure proper alignment with

the bushing 22 as the swaging tool 18 is being installed. After alignment, all sixteen of the one-

inch socket head screws 24 are inserted and tightened into a corresponding hole of the bushing.

-10-



| f the bushing 22 has not been disturbed after the initial installation as
descri bed above, and the 10 screws 24 and the hol es ofthe bushing 22

have been gwoa%8e81properly, m)st of the screws 24 can PGEUS9GAEned
by hand; IW% 24k ERa i iNRHE r’[ﬂé G coriRiled TRMe BEWHSEH Bﬂt&ﬁ { he
screws 24 necgssary Proper gnrre‘bnt of the screews 24 Wle gﬁﬁo s of

been | nadVBFeLRRS s peeRkERy o 8’Htth£%%ﬁm Wt %Eﬁf?“?%ev ol os

i ne up vertlcalk }h t he socket alol ca rews .24 of he s tooI
15 15, generols laer of cogpgs cOX Ereass igPeeh SppIiEd WeRthE ST it e
renoved and a draulic line (not i |l ustrated) (ratedto 5000 pSI
mn) is apwrﬁvecﬁ%m d theesipeenchnlgsdn thebusting:22 priar o thejinstaliating of he swaging tool 18,

removed. The piston 30 forces ring 44 downward which causes slip ring 40 to
be ener gi z&khe binshing 22 hasnoﬁl&,enﬁﬁnb’ﬂed‘aﬂegﬁtémﬁd nstallbiboh Ardesonibied foveand e 11.
Pressure to a maxi num | evel of 4700 psi is applied in increnents of

1000 pfj - sthévsPaRnb e RAA dibie AR Rive bb& %&w&a Frép@RdmbARf iHRRcredys 24 can

bushing 22 1s nonitored via the four two-inch view ports 26. At 4700 psi,

the gap i f e

degrees a;%n?gﬁﬁnegﬁar?a{x%eﬂ\?w*@r 5\?‘? J‘ %é%&i%ﬁr g‘?’ %eﬂq Ay%%e‘ﬁegko Hlrai&?&éved
and the gap is repeasured th f g essur

i ncreased W%&g‘ei‘%“WO ’?Pﬁaf‘ﬂﬂ“i‘ tpﬁgxegsgfpws\,%wt}pﬂ@slgﬁs r"g? ‘@3’@&2 oes
25 not change nore than 1/32 ". The gap should stabilize after the third
cycle of ppreventsrdsmaghito the bushing 2% Jf thechushing bes betreinaverentiidisturbedaits heigihtis' i s

nmerely a short hand way of insuring that the casing slip ring and
bow 42 argijespei iy the holds ﬁmeaaswrﬁcagy evthelie dobket hdatdap parewt 24 ofthe s@agirgt tooh
shoul d be avoi ded. Next, pressure is relieved from
swagi ngs topg 18, and the hydraulic I|ne is removed. The tool 18 is
renoved by unscrew ng the sixteen socket head cap screws 24. The energi zi ng
ring 44 r I

ener gi zed. N§xt ?Mﬁglﬁem&rr ef g}rl{' Pﬁ’q éh?g ??gﬁ?‘%}s%‘beé ghaogg, diiatﬁ’i@ lfnU (Wt

S A 555 BB ey o e PRI TRH 5,
removed. The piston 30 forces ring 44 downward which causes slip ring 40 to be energized, that
is, to be forged and locked around the casing 11. Pressure to a maximum level of 4700 psi'is

20  applied in increments of 1000 psi. The gap between the bottom of the bowl 42 and the top of
bushing 22 is monitored via the four two-inch view ports 26. At 4700 psi, the gap is measured
with feeler gages at four places at ninety degrees apart through the view ports 26. The pressure
is relieved, and the gap is remeasured with feeler gages.

The pressure is increased as before to 4700 psi until the gap, with pressure relieved, does

25 not change more than 1/32 ”. The gap should stabilize after the third cycle of pressure. The
reference to no change greater than 1/32 ” is merely a short hand way of insuring that the casing
slip ring and bowl 42 are energized. A pressure greater than 4700 psi for energization should be

avoided.
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10 22. As the tubing head 50 noves down onto the |ower position, the
bushi ng 22 is pushed down by contact of shoul ders 52 between bushing
22 and tubiqg? g1320. The tubing head 50 is then , I enpEeAisyd/fomst he
bushing installed on the casing stub 11. The tubing head is pulled straight
up so as _not to disturb the position of bow 42 or ring 40.

Next, a$ shown iNexkipgessure srelievpdirom|sweging taok 1 5:@ns thedyidrablic lindie removed: Toe of
which is 15 descri bed above by reference to Table 1) is placed over the
casi ng st ultoalnid ipremolved byl unscrewing thédixteen socket hEad caprsatews2dd The ehdigizing piftg 40
seal 42 is placed up. As illustrated in Figure 12, the tubing head

50 is car efiytdmbve@WEREHpOME 40 ahEbGRM2 ol BB filly ensrgized.r i Ng 40 and bow 42
and FX RCMS seal 54. The tubing head 507is ['evel ed, and then the

B b o R SRS L 0 SR8t gy 4 i

r ecor
Next, the tuybing. head, 50 and .t he FX RCMS | ..e] enent 54 are yenoved.,.Shins
00 that 25 e Bflie BREL e B oS i b LR AN B4R thfl BB
54 and bow 42. A stand off gap S of about 350 " is preferred. The

nunber 1 3% s thetubingthgad 50 moves dawn pytoshilowsr pasitipn; the bushing 22 ispushed dowmt
recorded above from.350 " and determ ning the nunber of .150 " and .100 "

shi ns by doatyut ofsbowldars 52 batwesnbuskiag2Dind tabifg head S5 The tubing head A9 isthemn
in Figure 13, with the sealing area clean and greased, the FX RCM5 seal 54

i s | rambadd ith O BlshiddSnstARE BE il ddbingd 3B t 1Re Ribing A& isQRWed draighpdp

shi m assenbly 60. A | ayer of copper coat grease is applied to the

ti f tf ﬁ?m I .S ls 62
-enllzfe .sur ﬁ%@g{?{t i%’gﬁe Oﬁﬁ?ﬁé"%ﬁ(ﬁq{%?ﬂi ng ;S? Z_nd aalr gyer of clean
O oo 28 o3 . st HERCARL o sh S TR
14, the tubing, head 50 is installed over the casing stub 11 and seal
assembl P, Alepaibed ARove BT HEremieda Tadle 1L alaser oven dhercasins st gnd o she powl 4%

nmeasur ed.
The small end of the taper of seal 42 is placed up. As illustrated in Figure 12, the tubing head
50 is carefully lowered over the casing stub 11, stip ring 40 and bowl 42 and FX RCMS seal 54.
The tubing head 50 is leveled, and then the stand off S at the interface between flanges 55 of
tubing head 50 and flange 56 of casing head 12 is measured and recorded.

20 Next, the tubing head 50 and the FX RCMS seal element 54 are removed. Shims 60 that
were selected as described above are installed between seal 54 and bowl 42. A stand off gap S
of about .350 ” is preferred. The number of shims to install is found by subtracting the
measurement recorded above from .350 ” and determining the number of .150 ” and .100 " shims
required for a minimum gap of .350 ™,

25 As shown in Figure 13, with the sealing area clean and greased, the FX RCMS seal 54 is
installed over the casing stub 11 on the slip 40, bowl 42 and shim assembly 60, A layer of copper

coat grease is applied to the entire surface of the FX RCMS seal element 54. S-seals 62 are

-12-
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10 Next, as illustrated in Figure 15, connector 60 is positioned
such that its-inclined shoul ders 57, 58 are in contact with

shoul ders Qg oHsksed fl anges 55 and 56. The connector 60 is tHEIUSY/10117.
energi zed to force the hub face 16 and the tubing head face 5 into -
face-tozface gcontact...Th . connectiop of tubing head 50 and casin
head 12°] s‘“ﬁB@?d?‘Ehﬁ&“/ Q%P?P‘é%’ﬂgr?gzz 068 e Bf psangse 15 appied 9BADE $als; A B o
by applying pressure via port_ 100, 80% of casing collapse pressure should
not 15  EeskebQddninegliedinithe ABRL groays66 of thohwpfaceitd. |init shoul d be observed

If a cup tester is used in the casi ng. If a test
procedure wer e Asilnsgandtin Figufeald, theaybingieeat 50 isigstilled dv&Ghe casingistubad aad seal he
FX RCMS seal 54 is renpved with a power wheel cutter. Care nust be

taken to i agermbly! Afer the@ubing head isdevelddy thietredditing stand REtS Rar@asaddd duri ng such
operation. The seal surface of the casing is cleaned 20 again with a

wire brush and the applicable steps described above are repeated.
Wil e preferred enbodi nents of the present invention have been illustrated

or e 61 124 enodl FRAMITHF I [ comectt 8 3 Sgharpl spe oy et olaem o

nodi fications and adaptations are wthin the spirit and scope of the
present i nvéntd ¥a In contact with shoulders 68, 69 of flanges 55 and 56. The connector 60 is then

- 13 - VWHAT IS CLAI MED | S: 1 1. A method of installing
an annul ar emegiadd tedfatce (thethubafaceit6 ainktheutiing headglaces fiirfta Feceatb-face cotact.cThe ng
(11) projecting upwardly above a casing head (12), the netal seal arranged

and desi gneghnectidn of hubidgehe@d 50 ﬁid_Z@ﬁn% QEadSI2ak hevg rbdal ¥R aBsting € WIRA kITaREMS
t ubi ng spool mounted on the casing head 4 after the netal seal has been
posi ti oned sQNs4 RGestdHy WPplyia' prleslire R S0 T0Y, 884406 dafifig E81RBSe fbssure should not
15  beexceeded. Alternatively, a 10,000 psi limit should be observed if a cup tester is used in the
casing.
If a test précedure were to result in failure, the tubing head 50 is removed and the FX
RCMS seal 54 is removed with a power wheel cutter. Care must be taken to insure that the
casing stub 11 is not damaged during such operation, The seal surface of the casing is cleaned
20  again with a wire brush and the applicable steps described above are repeated.
While preferred embodiments of the present invention have been illustrated and/or
described in some detail, modifications and adaptions of the preferred embodiments will occur to

those skilled in the art. Such modifications and adaptations are within the spirit and scope of the

present invention.
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5 installing a bushing (2 said outer rough surface of
said casing at a position above sai d casing (12); 7

positioning a slip mechani sm (40) afﬂm m i phery si ng
(11) for 33}5 3?’?88?3 froma top s H gm#hl ng (22 1/@5?%/?(3@& ip -
mechani sm having a gri ppi ng face whi ch éngages s the casing (1I); 10
posi ti oni nmﬂﬁm&ﬁ about a cam surface of said slip mechanismin
preparation 11 for engaging the slip mechanism (40) to urge the slip
mechani 4m i]nt 0 A tiettpdeofdmstatliivgnin ainliar ideeal seal 254) abodte thessutéraoegtvéurfabe of a
casi ng; exerting a dowward force agai nst the cam nenber to
cam sai g S'daan %fﬁjﬁdﬁhg ﬂwmlyyabovelétcasmgtxeaa (mmharaemeawaﬁéeatah@ Besfnkedl

t he casi ng wi th downwar d_ novement of the slip nechani sm (40)

resiste h ; f S eal
(54) oudr TRESHEELS 2%?%41@% betctf i caing god, Eu%r"‘s sagé,"o'*e‘%ﬂ"?%l* ‘“’Q*P? %@%&
nmet al seal | p mechani,sm

mount i nd a éﬁfbg}\?@y‘g‘é #” gssmnegandﬁ%?ﬁs@g, ﬁﬁgqqummgfthgséem ofasi ng
(11) and 19 connecting said tubing spool 50) to said casing spool (12)
wi th anS5inner pdnstalingratiusiing €233 erovtd sasd afiter20ugh stfitsierof saiceasing aG0positing slagivag
said netal seal (54) for forcing said seal radially into sealing relation
21  wi h tdamaaﬁbghea‘ﬁqﬂiﬁce of said casing (11).

~ w0)

- 14- ) The nethod of claim1 wher ein, 2 sai d
et al se,al i's f%&xﬁ&ﬁﬁzfﬂslﬁfmécﬁérﬁ‘&n\ (‘@b Xbo%Pthe olitel oilsaxd c'ism ll%fﬁhﬁxpi}sﬁ hod
of claim2 wherein said netal sea | s abri cat ed of stainless

e 1 TS, ey R e et

9  the casing (11);

10 positioning a cam member (42) about a cam surface of said slip mechanism in preparation
11  for engaging the slip mechanism (40) to urge the slip mechanism into biting engagement with the
12 outer surface of the casing;

13 exerting a downward force against the cam member to cam said slip mechanism inwardly
14  into tight gripping relation with the casing with downward movement of the slip mechanism (40)
15  resisted by the said bushing;

16 next, positioning a metal seal (54) over the end of said casing (11) with axial support of
17  said metal seal (54) by said slip mechanism (40); and

18 next, mounting a tubing spool (50) about said outer rough surface of said casing (11) and
19  connecting said tubing spool (50) to said casing spool (12) with an inner peripheral surface of said
20  tubing spool (50) engaging said metal seal (54) for forcing said seal radially into sealing relation

21  with the outer surface of said casing (11).
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1 4. A nethod of installing an annular netal seal (54) about an outer
rough surface of a casing 2 (11) which projects upwardly above a casing
head (12), pa@bélsdxps al seal (54) adapted to be 3 ener gi zegcrasyymali ng
bet ween said casing (11) and a tubing head (50), the nmethod conprising the
4 steps ,of: talling a slip nechanism (40, 42) for

suppor th ng-and ﬁﬁﬂﬁtp%?fﬁ&iégisvﬂ‘emal seal (54) 6 about the outer

peri phery ofthe casing (:!LF;)Q .said slip mechani smincluding slips (40)—
havi ng 2 eeth 7aid metal 594(4 pricgted Q€ relatively gofh metah cam nenber (42) for urging

the slips (40) into biting engagenent 8 with an outer s _ _ M‘mum
casing; 9 installing a bushing (22) about said $g mm
slip nmechani smfor support of said 10 slip nechani sm c L M s
positioni ng a Stieméthed 68 daim@ wiReedin,(18) having a push ring (44) over the
upper end of said 12 projecting casing (11) onto said casing head (12)

W th sajd push (i : i i e

forci ngi sai d ca%d%%tggs?h('g%?ﬁ 5%3\@%?’?& %\Af%e}}gsalﬁdl'g‘;aﬁ‘-:ﬁgifl{ﬁg%é Fdlng’?%ﬁ’s (18)
for moving 15 id slips {4Q). i.hvwar t rjp.sai d casi L. with the
cam rrer‘?oer“a(m?zc)f Spi,ghéj ﬁfgth@qﬁqqf%%gél 3%{%Moax nd Pyngl% streng?ﬁ 0990,6(;0 Bsx min,

- 15- 16 adj acent the slips; then, renoving the slip installing
tool (18) fromthe upper end of said casing 17 (11) while the slips (40)
and said cam nenber (42) remain in position on said casing (11); 18

then, positioning said netal seal (54) over a top end of said projecting
casing (11) while 19 being supported agai nst an upper surface of the cam
menber (463, ang me#fdd of installing an d@xlar methidedl ((§4)abdutlah Bateheagh irfhke 6fdasingie
upper end of said casing (11) and connecting a 21 |ower end of said tubing

head (59) {1&%&&%@&@%@@ mvéaicqéiﬁ%g%%mahg@dnﬂe&ﬂé’éa (54 hdaled BB 22

peri pher al rface of said tubing hea engagi ng sali d netal 'seal (54)
for urgj nge5alidlaT6! Bhiing $&ween said casing (11) and a tubing head (50), the method comprising the

4  stepsof:
5 installing a slip mechanism (40, 42) for supporting and positioning said metal seal (54)
6 about the outer periphery of the casing (11), said slip mechanism including slips (40) having teeth
7 for engaging the casing and a cam member (42) for urging the slips (40) into biting engagement
8  with an outer surface of the casing;
9 installing a bushing (22) about said casing below said slip mechanism for support of said
10 slip mechanism;
11 positioning a slip installing tool (18) having a push ring (44) over the upper end of said
12  projecting casing (11) onto said casing head (12) with said push ring (44) engaging said cam
13  member (42);
14 forcing said cam member (42) dowawardly with said slip installing too! (18) for moving

15  said slips (40) inwardly to grip said casing (11) with the cam member (42) remaining in position

-15-



23 (54) into sealing relation with the outer surface of said casing. 1

5. The nmethod of claim4 further gy 1Bl eps of, 2

prior to connecting said | ower end oﬂlmm"“tlmilﬂluﬂmgd (50) %{g éﬂ per
end of saij aw°§9’53§3gsi ng head (12), neaswring ®hesaxial disth %’§§"J Ween the
bot t oni@&ndadjécestthe slipshthen, remaving 812)slip ihstalliagtbol (i8) from thasppef emboftbaidaasing

head (12); 5 then removing said tubing head (50) from said
casi ng17 11{11) while the slips (40) @ldaid@maherhtRn £42) SentairSif ipBlifidilon SRk MeiRp (1§ d net al
seal (54) and said cam nenber (42) to 7 i nsure that the bottom énd of

sald L4 ng heahel SRbiahtle LifmePacalidaphued Bloh AtoF B HSREkg Rlind Py B

e .
separated by a prédeterm axl a ance, acing-

sai d tybi ng.head 0)_over the u r e of sai ing (11). 1 6
The nethod %?g%"lpgﬁg&ﬁcila%é{%wﬁpe’ a“°p‘9°“mm€?§§ﬁ3u"@am nmenber (42) is
forced dowwardly for canmng said slips radially inward 3 toward said
casi ng?¢ 11), s aF‘?i‘t’tRi%qﬂgﬁng@& heagh(5) gwpr the ppRer end of:said casingdd hand conpecting a1xi al
novenent 4 of the cam nmenber (42) during the canm ng action.

- 16- 21 lowetend of said tuliihnghead(FQ)do ah uppea e of the saidivesing innising (1) withansineps of
2 installing screws (24) on said slip installing tool (18) for

sai d b2zshi pgipherd) surfacecof s@d tubing head (S0R€rghiliig il rietdl Geab GUPRYT ufght)said et gaab €
sai d bushing (22) and position said busﬁgs (22) 4 accurately on said

casi ng29 11954) into Qealin%relationAﬁiﬁqﬁébﬁtt:xoiu?ﬁéea&f s%@@&s%ﬂ%g arrangenent for sealing
about the outer rough surface of a casing 1) projecting fromthe

upper end of a casing head (12); said sealing arrangenent conprising:

1 S The method of claim 4 further comprising the steps of,

2 prior to connecting said lower end of said tubing head (50) to said upper end of said
3 casing bead (12), measuring the axial distance between the bottom end of said tubing head (50)
4  and the top end of said casing head (12);

5 then removing said tubing head (50) from said casing (11);

6 placing at least one shim (60) between said metal seal (54) and said cam member (42) to
7  insure that the bottom end of said tubing head (50) and the top end of said casing head (12) is
8  separated by a predetermined axial distance; and

9 again placing said tubing head (50) over the upper end of said casing (11).

1 6. The method of claim 4 wherein,
2 when said cam member (42) is forced downwardly for camming said slips radially inward
3 toward said casing (11), said bushing (22) axially supports said slips and limits axial movement

4  of the cam member (42) during the camming action.
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3 sllps (40) having teeth arranged and designed to grip rip the
casing;- 4 a cam nenber (42) arranged and desi

slips (40)“;@55, §{3y into engagenent 5 wth said casi n§)! &3 Bj Hmj ‘m
downwar wa.pc‘i l,l.he QusSi a

p05|t|o‘c1j d’-about "¢ TH& £hc°,gmfﬁl§m’(‘?%ﬁ Bmfégyﬁéheﬁ“fpﬁgf(m) and carri ed by the 7
slips (40); and 8 atuy g. he | d over e casing
(11) ar@l abutt i Wealing segws %)ﬁaaﬂge{{ws'aﬁaz @%Sﬁﬁmw&%&ﬁmﬁ%ﬁ zﬁ@ri pher al
sealing surface (96) in contact with said nmetal seal (54) to deform said
10 nedal seal achgptingsaidistrews §24)1o engage ssidbushing (22) alideposmpnrsgd(omsx)ngm&)e

said seal is carried by said slips 11 (40). 1 . The
netaJ-t4)rmﬁ&ﬁagyahgﬁacaﬁgqngﬁnent of claim8 mhereln 2 sai d
tubi ng head (50) and said casing head (12) have mating flanges (16, 5); and
a fastener 3 (60) clanps said mating flanges together. 1 10. The

netal -to-netal sealing arrangenent of claim@8 further conprisi ng 2

a bushipg (22) unt.ed about ..sai d casin f.or su ortl | i

(40) when Eai d Kg"&“ﬁ?“‘b’gﬁf%?g%g% ‘Eg"d% pas, it &.Bag%‘i'% §§°ﬁ§’53(11)
when sai d cam nenber s for -

- 17- 2 (ll)mectmm&a Pyper§a5 39 beavnetgad B2); sBidisFRling GEPREeBITRi FOMRISHE:
annul ar space between said casing (11) and 5 sai d tubing head (50), said
bushi ng3 22 al soslipsd4@)dianigs tectioermanged end designedioissip thoeasingst i ng of said 6
metal seal (54). 1 11. The metal -to-netal sealing arrangenent of

cl ai m 1§ wher ei 8gcamzZnember (42) arranged ahdlalesipnedgo fo2ck)the dips (A0ptadihlly intcsengagemmst ng
housing (12) during canming of said slips (40) 3 by said cam nmenber (42)
into grippivag shidlcadih@(1 1) RAECRYcddURRMASAY tdifard MLiEREIRYERORMgDY the

6 a metal seal (54) positioned about the casing (11) above the slips (40) and carried by the
7  slips (40); and

8 a tubing head (50) positioned over the casing (11) and abutting the casing head (12) and
9  having an inner peripheral sealing surface (96) in contact with said metal seal (54) to deform said

10  metal seal against the rough outer surface of the casing (18) while said seal is carried by said slips

11 (40).
1 9 The metal-to-metal sealing arrangement of claim 8 wherein,
2 said tubing head (50) and said casing head (12) have mating flanges (16, 5); and a fastener

3 (60) clamps said mating flanges together.

1 10.  The metal-to-metal sealing arrangement of claim 8 further comprising,
2 a bushing (22) mounted about said casing (11) for supporting said slips (40) when said

3 slips (40) are forced inwardly to grip said casing (11) when said cam member (42) is forced

-17-



4 canm ng action. -
-18 -

1 12. Appar atus for_applyi nul ar netal seal (54)
about an outer h surface of a ca uuﬂiﬁmnﬂw ' ‘WOj ecti
upper end o 839’%58%2 ng head (12) vvithif* Qe e |* 54) adgg’?@ﬁ%&lgﬁ' 3
energi zed for sealing between the casing (11) and a tubing head (50); said

appar atdus dawnwardly, sgid bushing (22) being positichied in aRaulir spacebetveas sid caaing €1 and
portion of the casing which projects upwardly above 5 t he casing head

(12): e sid @binghea(se), saibushihg' 2 SLJ frovidtih savhy @mihgﬁ.teﬂb&’frbﬁdan%:g.;%{i% Cor

arranged and 6 desi gned to engage the casing (11), a camne

forci ng t 'H%eﬁiéeﬂf(si)‘}o) I nto gripping

1 11.  The metal-to-metal sealing arrangement of claim 10 wherein,
2 said bushing (22) is coupled to said casing housing (12) during camming of said slips (40)

3 by said cam member (42) into gripping relation thereby to oppose the forces exerted by the

4  camming action.
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7 engagenent with the casing (11), and—a bushing (22) bel ow the slips for
supporting the slips at 8 a predeternine 1 on the casing; 9
a tool (18yofosssidrci ng the cam mmerlmuﬂuﬁmﬁwgﬂsl i pBCTAIS910817gyr i p
the casing (11) 10 while supported y sSupport (22); 11
a netal seal ring (54) positioned about the casing (11) above the slips

Coo) ?Sge - df% gﬁé%sr&g'ﬁaﬁ éjﬁg’?‘ﬁé“a’?‘fi‘f{l&s‘%\?"&“ﬁ wrﬁegﬁﬁ%%%“ﬁ%aﬁo)
i, i A2 i i
0 RSB A 5 SRS e PSR 8 e
6

(54) to deformsaid netal seal ring 854) agai nst the rough 1 out er
surf ade ofnergined forsealigg between the cpsing/(1d) and atubing headSQ). said appacatus semprisHEng
head (50) and the 17 casing (11) where said tubing head (50) is

connectt ed t o <mslig assemblygndumtsd on an ehd portidn of thetvasing phich pagjects upwariliynabgve
wherein, 2 said tool for forcing the cam nenber (46) includes a

hydr aul i ' AR5t 45EmblY i ins( cam
e g e e B e

menber (42) for forcing the cam ne

et § e A s R T o SR Bl Bl Bl =
| cast TonegRRHTIN fhe aios (1lorrod auie 228 blavithns e e iompazine deslon

annular netal 3  seal, (54), said shimarranged and designed to create a
pr edetSer nd predetepiRadResition opthemasing.a 4  bottom surface (5) of said tubing
head (50) and a top surface (16) of said casing head after 5 posi tioni ng
of saidd t ubi nge teel(d 8pfioe forsiag thecasi memifet {42) ol tarh dfeclips @Ohtvegrip the casingdaid
tubing head 6 (50) to said casing head (12).

10 while supported on said slip support (22);

11 a metal seal ring (54) positioned about the casing (11) above the slips (40) and carried by
12 the slips; and

13 a tubing head (50) positioned over an end of the casing (11), said tubing head (50)
14  arranged and designed to abut the casing head (12) and having an inner peripheral sealing surface
15  (96) which contacts said metal seal ring (54) to deform said metal seal ring (54) against the rough
16 outer surface of the casing (11) for providing a metal seal between the tubing head (50) and the

17  casing (11) where said tubing head (50) is connected to said casing head.

1 13,  The apparatus of claim 12 wherein,

2 said tool for forcing the cam member (46) includes a hydraulic piston (30) and a push ring
3 (44) arranged to engage the cam member (42) and for forcing the cam member (42) downwardly
4  against the slips (40), said bushing (22) limiting axial movement of said slips (40) as said cam

5 member (42) is pushed downwardly.

-19-



-20 - 1 15. A slip install atﬁ'—eﬁ—t—eeJ—&Hd—sFFp—assenbl y-

arrangenent where the slip assenbly is arranE and designed to fit

over t he upper of a casing (11) whi ch m Iﬂﬂﬂm ma ng
head (1% %g%ﬁl ch the casing (11) |s| l MI' }égménéﬁ?ﬁ

corrprl silng:14. 4 The apparatus efielaimtl@whegdin.ndr i cal ‘wafl 119) Ravi ng an open

| ower end to receive a projecting end portion 5 of the casing (11) and

abut ting@ agai nsut ledseoneshinn (0N ispdsifidatd;between said cam memberSU2Yand 35e aidlular fetant ed
within the open end of the tool including a bushing (22) for fitting

3 seal (54), said shim arranged and designed to create a predetermined spacing (S) between a

4  bottom surface (5) of said tubing head (50) and a top surface (16) of said casing head after

5  positioning of said tubing head over said césing (11) but before connection of said tubing head

6  (50) to said casing head (12).

-20-



7 about the casing, slips (40) supported-omsaid bushing (22) and a cam

ring (42) whi-ch engages an en rface of the slips (40) for urging
the slips ywd¢9ysdsmyvar dly, and] il P]"@a " i ston (30) corgramsoyioisai d cam
menber (42) which exerts a down M the cam 10 menber (42) to
force the slips (40) inwardly to grip the outer surface of the casing (11).
5 16. The arrapgepent of clajm15 erein, — sal d piston
(30) ik cbupl 4 slip ratalltion sop! ﬁ@%ﬁfeﬂ&m aprangegentwhere;the slipjasserbly (s ampngads c e
bet ween a bottom surface of said piston (30) and a top surface of said cam
ring. 2 and designed to fit over the upper end of a casing (11) which projects upwardly from a casing

-21 -

3 head (12) in which the casing (11) is positioned; the arrangement comprising:

4 an outer cylindrical wall (19) having an open lower end to receive a préj ecting end portion
S  ofthe casing (11) and abutting against the casing head (12);

6 a slip assembly mounted within the open end of the tool including a bushing (22) for fitting
7  about the casing, slips (40) supported on said bushing (22) and a cam ring (42) which engages an
8  outer surface of the slips (40) for urging the slips (40) inwardly; and

9 a piston (30) coupled to said cam member (42) which exerts a downward force on the cam

10  member (42) to force the slips (40) inwardly to grip the outer surface of the casing (11).
5 16.  The arrangement of claim 15 wherein,

said piston (30) is coupled to said cam member (42) via an energizing ring (44) placed

between a bottom surface of said piston (30) and a top surface of said cam ring.
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